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ELECTRIC BICYCLE DRIVING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 2012-0104170, filed on Sep. 19, 2012 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND

1. Field

Embodiments of the present invention relate to an electric
bicycle driving apparatus.

2. Description of the Related Art

In general, electric bicycle driving apparatuses are pro-
vided to drive electric bicycles.

Such a conventional electric bicycle driving apparatus
reduces a speed change mode time by shortening a driving
time of a motor driver when driving a motor of an electric
bicycle in a high-speed mode or low-speed mode. To this end,
the conventional electric bicycle driving apparatus includes a
high-speed mode switching circuit and a low-speed mode
switching circuit employing separate rectifying diodes and
semiconductor switching devices.

However, in the conventional electric bicycle driving appa-
ratus, heat may be generated from the rectifying diodes in a
speed change mode. Furthermore, excessive heat generation
may cause malfunction of the electric bicycle.

Also, in the conventional electric bicycle driving appara-
tus, because the high-speed mode switching circuit and low-
speed mode switching circuit employing the rectifying diodes
and semiconductor switching devices are driven in the speed
change mode, the load to be driven may increase, resulting in
a limitation in reducing consumption of battery power.

Moreover, in the conventional electric bicycle driving
apparatus, because the high-speed mode switching circuit
and low-speed mode switching circuit employing the rectify-
ing diodes and semiconductor switching devices are driven in
the speed change mode, there may be a limitation in suppress-
ing an increase in cost of parts manufactured for the speed
change mode.

SUMMARY

Therefore, it is an aspect of the present invention to provide
an electric bicycle driving apparatus which may rapidly
reduce a speed change mode time.

It is another aspect of the present invention to provide an
electric bicycle driving apparatus which may reduce heat
generation to prevent malfunction.

It is another aspect of the present invention to provide an
electric bicycle driving apparatus which may reduce the load
to be driven, so as to reduce consumption of battery power.

It is a further aspect of the present invention to provide an
electric bicycle driving apparatus which may suppress an
increase in cost of parts manufactured for a speed change
mode.

Additional aspects of the invention will be set forth in part
in the description which follows and, in part, will be obvious
from the description, or may be learned by practice of the
invention.

In accordance with an aspect of the present invention, an
electric bicycle driving apparatus includes a speed change
mode operator to output a first speed change mode signal or a
second speed change mode signal, a controller to receive the

10

15

20

25

30

35

40

45

50

55

60

65

2

first speed change mode signal or second speed change mode
signal output from the speed change mode operator and out-
put a first control signal corresponding to the first speed
change mode signal or a second control signal corresponding
to the second speed change mode signal, a motor driver to,
when the speed change mode operator outputs the first speed
change mode signal, receive the first control signal and output
a first motor driving signal to drive a motor in a first speed
change mode, and, when the speed change mode operator
outputs the second speed change mode signal, receive the
second control signal and output a second motor driving
signal to drive the motor, the motor being rotating with a
driving force of the first motor driving signal, in a second
speed change mode, and a relay to selectively receive a relay
switching enable signal from the controller, the relay being
turned on in response to the relay switching enable signal to
provide at least one of the first motor driving signal and
second motor driving signal to the motor.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the invention will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with the
accompanying drawings of which:

FIG. 1 is a perspective view of an electric bicycle including
an electric bicycle driving apparatus according to a first
embodiment of the present invention;

FIG. 2 is a block diagram showing the configuration of the
electric bicycle driving apparatus according to the first
embodiment of the present invention;

FIG. 3 is a view showing an embodiment of a relay in FI1G.
2;

FIG. 4 is a view showing another embodiment of the relay
in FIG. 2;

FIG. 5is an equivalent circuit diagram showing an example
of an internal configuration of the relay shown in FIG. 4;

FIG. 6 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 4;

FIG. 7 is a block diagram showing the configuration of an
electric bicycle driving apparatus according to a second
embodiment of the present invention;

FIG. 8 is a view showing an embodiment of a relay in FI1G.
7,

FIG. 9 is a view showing another embodiment of the relay
in FIG. 7,

FIG. 10 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 9;

FIG. 11 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 9;

FIG. 12 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 9;

FIG. 13 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 9;

FIG. 14 is ablock diagram showing the configuration of an
electric bicycle driving apparatus according to a third
embodiment of the present invention;

FIG. 15 is a view showing an embodiment of a relay in FI1G.
14;

FIG. 16 is a view showing another embodiment of the relay
in FIG. 14;
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FIG. 17 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 16;

FIG. 18 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 16;

FIG. 19 is a block diagram showing the configuration of an
electric bicycle driving apparatus according to a fourth
embodiment of the present invention;

FIG.20is a view showing an embodiment of a relay in FIG.
19;

FIG. 21 is a view showing another embodiment of the relay
in FIG. 19;

FIG. 22 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 21,

FIG. 23 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 21,

FIG. 24 is a block diagram showing the configuration of an
electric bicycle driving apparatus according to a fiftth embodi-
ment of the present invention;

FIG. 25 is a view showing an embodiment of a relay con-
nected to a second motor driver, shown in FIG. 24;

FIG. 26 is a view showing another embodiment ofthe relay
connected to the second motor driver, shown in FIG. 24;

FIG. 27 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 26;

FIG. 28 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 26;

FIG. 29 is a view showing an embodiment of a relay con-
nected to a first motor driver, shown in FIG. 24;

FIG. 30 is a view showing another embodiment of the relay
connected to the first motor driver, shown in FIG. 24,

FIG. 31 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 30; and

FIG. 32 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 30.

DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments
of the present invention, examples of which are illustrated in
the accompanying drawings, wherein like reference numerals
refer to like elements throughout.

<First Embodiment>

FIG. 1is a perspective view of an electric bicycle including
an electric bicycle driving apparatus according to a first
embodiment of the present invention, and FIG. 2 is a block
diagram showing the configuration of the electric bicycle
driving apparatus according to the first embodiment of the
present invention.

FIG. 3 is a view showing an embodiment of a relay in FIG.
2, and FIG. 4 is a view showing another embodiment of the
relay in FIG. 2.

FIG. 5 is an equivalent circuit diagram showing an example
of an internal configuration of the relay shown in FIG. 4, and
FIG. 6 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 4.

First, referring to FIG. 1, the electric bicycle driving appa-
ratus according to the first embodiment of the present inven-
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4

tion, denoted by reference numeral 100, is provided at one
side and the other side of the electric bicycle, denoted by
reference numeral 10.

Next, referring to FIGS. 2 to 6, the electric bicycle driving
apparatus 100 according to the first embodiment of the
present invention includes a speed change mode operator 102,
a controller 104, a motor driver 106, a relay 108, and a motor
109.

The speed change mode operator 102 is provided to output
a first speed change mode signal or a second speed change
mode signal.

The speed change mode operator 102 may be provided at a
portion of a handlebar of the electric bicycle 10.

The controller 104 receives the first speed change mode
signal or second speed change mode signal output from the
speed change mode operator 102 and outputs a first control
signal corresponding to the first speed change mode signal or
a second control signal corresponding to the second speed
change mode signal.

The controller 104 may include an electronic controller
unit (ECU) or a micro controller unit (MCU).

When the speed change mode operator 102 outputs a low-
speed mode signal corresponding to the first speed change
mode signal, the motor driver 106 receives the first control
signal and outputs a first motor driving signal to drive the
motor 109 in a low-speed mode corresponding to a first speed
change mode. Also, when the speed change mode operator
102 outputs a high-speed mode signal corresponding to the
second speed change mode signal, the motor driver 106
receives the second control signal and outputs a second motor
driving signal to drive the motor 109, which is rotating with a
driving force of the first motor driving signal, in a high-speed
mode corresponding to a second speed change mode.

On the other hand, when the speed change mode operator
102 outputs the high-speed mode signal corresponding to the
first speed change mode signal, the motor driver 106 receives
the first control signal and outputs the first motor driving
signal to drive the motor 109 in the high-speed mode corre-
sponding to the first speed change mode. Also, when the
speed change mode operator 102 outputs the low-speed mode
signal corresponding to the second speed change mode sig-
nal, the motor driver 106 receives the second control signal
and outputs the second motor driving signal to drive the motor
109, which is rotating with the driving force of the first motor
driving signal, in the low-speed mode corresponding to the
second speed change mode.

The relay 108 selectively receives a relay switching enable
signal from the controller 104 so as to be turned on in
response to the relay switching enable signal. Upon being
turned on, the relay 108 provides at least one of'the first motor
driving signal and second motor driving signal to the motor
109.

As shown in FIGS. 2 to 6, the relay 108 may be electrically
connected between an output stage of the motor driver 106
and an input stage of the motor 109.

The relay 108 has an internal circuit 108a, which may
include a first rectifying diode D1, a first switching device
SW1, a first resistor R1, a second rectifying diode D2, a
second switching device SW2, and a second resistor R2, as
shown in FIGS. 4 and 5.

The first rectifying diode D1 may be electrically connected
with one side of the controller 104, and the first switching
device SW1 may be electrically connected with the first rec-
tifying diode D1 and the motor driver 106.

Here, the first switching device SW1 may include at least
one of a metal-oxide semiconductor field effect transistor
(MOSFET) and a bipolar junction transistor (BJT).
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In this case, the first switching device SW1 may further
include at least one Zener diode ZD5 which is electrically
connected with the first resistor R1, and the second switching
device SW2 to be described later, to cut off an abnormal
signal from the motor 109.

The first resistor R1 may be electrically connected with the
first rectifying diode D1, the first switching device SW1 and
the motor driver 106, and the second rectifying diode D2 may
be electrically connected with the other side of the controller
104.

The second switching device SW2 may be electrically
connected with the second rectifying diode D2, the first
switching device SW1 and the motor 109, and the second
resistor R2 may be electrically connected with the second
rectifying diode D2, the second switching device SW2 and
the motor 109.

Here, the second switching device SW2 may include at
least one of a MOSFET and a BJT.

In this case, the second switching device SW2 may further
include at least one Zener diode ZD6 which is electrically
connected with the first switching device SW1 and the second
resistor R2 to cut off an abnormal signal from the motor driver
106.

In the relay 108 with the above configuration, when the first
and second switching devices SW1 and SW2 are turned on in
response to the relay switching enable signal from the con-
troller 104, rectified through the first and second rectifying
diodes D1 and D2, the level of the first motor driving signal or
second motor driving signal supplied from the motor driver
106 is adjusted by the first resistor R1 and in turn by the
second resistor R2, and the first motor driving signal or sec-
ond motor driving signal of the adjusted level is then supplied
to the motor 109.

Also, the internal circuit 108a of the relay 108 may further
include one or more Zener diodes ZD1 and ZD2 which are
electrically connected with the motor driver 106 and the first
resistor R1 to cut off an abnormal signal from the motor driver
106.

Also, the internal circuit 108a of the relay 108 may further
include one or more Zener diodes ZD3 and ZD4 which are
electrically connected with the second resistor R2 and the
motor 109 to cut off an abnormal signal from the motor 109.

Alternatively, as shown in FIGS. 4 and 6, the internal
circuit 108a of the relay 108 may include a third rectifying
diode D3, a third switching device SW3, a third resistor R3,
and a fourth switching device SW4.

The third rectifying diode D3 may be electrically con-
nected with one side of the controller 104, and the third
switching device SW3 may be electrically connected with the
third rectifying diode D3 and the motor driver 106.

Here, the third switching device SW3 may include at least
one of a MOSFET and a BJT.

In this case, the third switching device SW3 may further
include at least one Zener diode ZD9 which is electrically
connected with the motor driver 106 and the third resistor R3
to cut off an abnormal signal from the motor 109.

The third resistor R3 may be electrically connected with
the third rectifying diode D3 and the third switching device
SW3, and the fourth switching device SW4 may be electri-
cally connected with the third rectifying diode D3, the third
resistor R3 and the motor 109.

Here, the fourth switching device SW4 may include at least
one of a MOSFET and a BJT.

In this case, the fourth switching device SW4 may further
include at least one Zener diode ZD10 which is electrically
connected with the third resistor R3 and the motor 109 to cut
off an abnormal signal from the motor driver 106.
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Also, the internal circuit 1084 of the relay 108 may further
include one or more Zener diodes ZD7 and ZD8 which are
electrically connected with the third resistor R3, the third
rectifying diode D3 and the fourth switching device SW4 to
cut off an abnormal signal from at least one of the motor
driver 106 and motor 109.

As stated above, the electric bicycle driving apparatus 100
according to the first embodiment of the present invention
includes the speed change mode operator 102, the controller
104, the motor driver 106, the relay 108, and the motor 109.

Therefore, in the electric bicycle driving apparatus 100
according to the first embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the motor driver 106 for the speed change
mode, is supplied to the motor 109, it may be possible to
provide a faster switching response characteristic for a turn-
on operation, thereby rapidly reducing a speed change mode
time.

Further, in the electric bicycle driving apparatus 100
according to the first embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the motor driver 106 for the speed change
mode, is supplied to the motor 109, it may be possible to
reduce heat generation to prevent malfunction.

Moreover, in the electric bicycle driving apparatus 100
according to the first embodiment of the present invention, the
unified relay 108 is employed, thereby making it possible to
suppress an increase in cost of parts manufactured for the
speed change mode.

<Second Embodiment>

FIG. 7 is a block diagram showing the configuration of an
electric bicycle driving apparatus according to a second
embodiment of the present invention, FIG. 8 is a view show-
ing an embodiment of a relay in FIG. 7, and FI1G. 9 is a view
showing another embodiment of the relay in FIG. 7.

FIG. 10 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 9, and FIG. 11 is an equivalent circuit diagram showing
another example of the internal configuration of the relay
shown in FIG. 9.

FIG. 12 is an equivalent circuit diagram showing another
example of the internal configuration of the relay shown in
FIG. 9, and FIG. 13 is an equivalent circuit diagram showing
another example of the internal configuration of the relay
shown in FIG. 9.

Referring to FIGS. 7 to 13, the electric bicycle driving
apparatus according to the second embodiment of the present
invention, denoted by reference numeral 700, includes a
speed change mode operator 102, a controller 104, a motor
driver 106, a relay 708, and a motor 109.

The speed change mode operator 102 is provided to output
a first speed change mode signal or a second speed change
mode signal.

The speed change mode operator 102 may be provided at a
portion of a handlebar of the electric bicycle 10.

The controller 104 receives the first speed change mode
signal or second speed change mode signal output from the
speed change mode operator 102 and outputs a first control
signal corresponding to the first speed change mode signal or
a second control signal corresponding to the second speed
change mode signal.

The controller 104 may include an electronic controller
unit (ECU) or a micro controller unit (MCU).

When the speed change mode operator 102 outputs a low-
speed mode signal corresponding to the first speed change
mode signal, the motor driver 106 receives the first control
signal and outputs a first motor driving signal to drive the
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motor 109 in a low-speed mode corresponding to a first speed
change mode. Also, when the speed change mode operator
102 outputs a high-speed mode signal corresponding to the
second speed change mode signal, the motor driver 106
receives the second control signal and outputs a second motor
driving signal to drive the motor 109, which is rotating with a
driving force of the first motor driving signal, in a high-speed
mode corresponding to a second speed change mode.

On the other hand, when the speed change mode operator
102 outputs the high-speed mode signal corresponding to the
first speed change mode signal, the motor driver 106 receives
the first control signal and outputs the first motor driving
signal to drive the motor 109 in the high-speed mode corre-
sponding to the first speed change mode. Also, when the
speed change mode operator 102 outputs the low-speed mode
signal corresponding to the second speed change mode sig-
nal, the motor driver 106 receives the second control signal
and outputs the second motor driving signal to drive the motor
109, which is rotating with the driving force of the first motor
driving signal, in the low-speed mode corresponding to the
second speed change mode.

The relay 708 selectively receives a relay switching enable
signal from the controller 104 so as to be turned on in
response to the relay switching enable signal. Upon being
turned on, the relay 708 provides the first motor driving signal
and the second motor driving signal to the motor 109.

As shown in FIGS. 7 to 13, the relay 708 includes a first
relay 708a to provide the first motor driving signal output
from the motor driver 106 to the motor 109, and a second relay
7085 to provide the second motor driving signal output from
the motor driver 106 to the motor 109.

The first relay 708a and the second relay 7085 may be
electrically connected between an output stage of the motor
driver 106 and an input stage of the motor 109.

As shown in FIGS. 9 to 11, the first relay 708a selectively
receives a first relay switching enable signal of the relay
switching enable signal so as to be turned on in response to the
first relay switching enable signal. Upon being turned on, the
first relay 708a supplies the first motor driving signal to the
motor 109. Also, the second relay 7085 selectively receives a
second relay switching enable signal of the relay switching
enable signal so as to be turned on in response to the second
relay switching enable signal. Upon being turned on, the
second relay 7085 supplies the second motor driving signal to
the motor 109.

The firstrelay 708a and the second relay 7085 have internal
circuits 70841 and 70851, respectively, each of which may
include a first rectifying diode D1, a first switching device
SW1, a first resistor R1, a second rectifying diode D2, a
second switching device SW2, and a second resistor R2.

The first rectifying diode D1 may be electrically connected
with one side of the controller 104, and the first switching
device SW1 may be electrically connected with the first rec-
tifying diode D1 and the motor driver 106.

Here, the first switching device SW1 may include at least
one of a metal-oxide semiconductor field effect transistor
(MOSFET) and a bipolar junction transistor (BJT).

In this case, the first switching device SW1 may further
include at least one Zener diode ZD5 which is electrically
connected with the first resistor R1, and the second switching
device SW2 to be described later, to cut off an abnormal
signal from the motor 109.

The first resistor R1 may be electrically connected with the
first rectifying diode D1, the first switching device SW1 and
the motor driver 106, and the second rectifying diode D2 may
be electrically connected with the other side of the controller
104.
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The second switching device SW2 may be electrically
connected with the second rectifying diode D2, the first
switching device SW1 and the motor 109, and the second
resistor R2 may be electrically connected with the second
rectifying diode D2, the second switching device SW2 and
the motor 109.

Here, the second switching device SW2 may include at
least one of a MOSFET and a BJT.

In this case, the second switching device SW2 may further
include at least one Zener diode ZD6 which is electrically
connected with the first switching device SW1 and the second
resistor R2 to cut off an abnormal signal from the motor driver
106.

In each of the first relay 7084 and second relay 7085 with
the above configuration, when the first and second switching
devices SW1 and SW2 are turned on in response to the relay
switching enable signal from the controller 104, rectified
through the first and second rectifying diodes D1 and D2, the
level of the first motor driving signal or second motor driving
signal supplied from the motor driver 106 is adjusted by the
first resistor R1 and in turn by the second resistor R2, and the
first motor driving signal or second motor driving signal of the
adjusted level is then supplied to the motor 109.

Also, each of the internal circuits 70841 and 70851 of the
first relay 708a and second relay 7085 may further include
one or more Zener diodes ZD1 and ZD2 which are electrically
connected with the motor driver 106 and the first resistor R1
to cut off an abnormal signal from the motor driver 106.

Also, each of the internal circuits 70841 and 70851 of the
first relay 708a and second relay 7085 may further include
one or more Zener diodes ZD3 and ZD4 which are electrically
connected with the second resistor R2 and the motor 109 to
cut off an abnormal signal from the motor 109.

Alternatively, as shown in FIGS. 9,12 and 13, the first relay
708a selectively receives the first relay switching enable sig-
nal of the relay switching enable signal so as to be turned on
in response to the first relay switching enable signal. Upon
being turned on, the first relay 708a supplies the first motor
driving signal to the motor 109. Also, the second relay 7085
selectively receives the second relay switching enable signal
of the relay switching enable signal so as to be turned on in
response to the second relay switching enable signal. Upon
being turned on, the second relay 7085 supplies the second
motor driving signal to the motor 109.

Each of the internal circuits 70841 and 70851 of the first
relay 708a and second relay 7085 may include a third recti-
fying diode D3, a third switching device SW3, a third resistor
R3, and a fourth switching device SW4.

The third rectifying diode D3 may be electrically con-
nected with one side of the controller 104, and the third
switching device SW3 may be electrically connected with the
third rectifying diode D3 and the motor driver 106.

Here, the third switching device SW3 may include at least
one of a MOSFET and a BJT.

In this case, the third switching device SW3 may further
include at least one Zener diode ZD9 which is electrically
connected with the motor driver 106 and the third resistor R3
to cut off an abnormal signal from the motor 109.

The third resistor R3 may be electrically connected with
the third rectifying diode D3 and the third switching device
SW3, and the fourth switching device SW4 may be electri-
cally connected with the third rectifying diode D3, the third
resistor R3 and the motor 109.

Here, the fourth switching device SW4 may include at least
one of a MOSFET and a BJT.

In this case, the fourth switching device SW4 may further
include at least one Zener diode ZD10 which is electrically
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connected with the third resistor R3 and the motor 109 to cut
off an abnormal signal from the motor driver 106.

Also, each of the internal circuits 70841 and 70851 of the
first relay 708a and second relay 7085 may further include
one or more Zener diodes ZD7 and ZD8 which are electrically
connected with the third resistor R3, the third rectifying diode
D3 and the fourth switching device SW4 to cut off an abnor-
mal signal from at least one of the motor driver 106 and motor
109.

As stated above, the electric bicycle driving apparatus 700
according to the second embodiment of the present invention
includes the speed change mode operator 102, the controller
104, the motor driver 106, the relay 708, and the motor 109.

Therefore, in the electric bicycle driving apparatus 700
according to the second embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the motor driver 106 for the speed change
mode, is supplied to the motor 109, it may be possible to
provide a faster switching response characteristic for a turn-
on operation, thereby rapidly reducing a speed change mode
time.

Further, in the electric bicycle driving apparatus 700
according to the second embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the motor driver 106 for the speed change
mode, is supplied to the motor 109, it may be possible to
reduce heat generation to prevent malfunction.

Moreover, in the electric bicycle driving apparatus 700
according to the second embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the motor driver 106 for the speed change
mode, is supplied to the motor 109, the load to be driven is
reduced, thereby reducing consumption of battery power.

In addition, in the electric bicycle driving apparatus 700
according to the second embodiment of the present invention,
the first relay 7084 and the second relay 7085 are employed.
Therefore, when the first motor driving signal or second
motor driving signal, output from the motor driver 106 for the
speed change mode, is supplied to the motor 109, each of the
first relay 708a and second relay 7085 may provide a faster
switching response characteristic for a turn-on operation,
thereby more rapidly reducing a speed change mode time.

<Third Embodiment>

FIG. 14 is a block diagram showing the configuration of an
electric bicycle driving apparatus according to a third
embodiment of the present invention, FIG. 15 is a view show-
ing an embodiment of a relay in FIG. 14, and FIG. 16 is a view
showing another embodiment of the relay in FIG. 14.

FIG. 17 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 16, and F1G. 18 is an equivalent circuit diagram showing
another example of the internal configuration of the relay
shown in FIG. 16.

Referring to FIGS. 14 to 18, the electric bicycle driving
apparatus according to the third embodiment of the present
invention, denoted by reference numeral 1400, includes a
speed change mode operator 102, a controller 1404, a first
motor driver 1407, a second motor driver 1406, a relay 1408,
and a motor 109.

The speed change mode operator 102 is provided to output
a first speed change mode signal or a second speed change
mode signal.

The speed change mode operator 102 may be provided at a
portion of a handlebar of the electric bicycle 10.

The controller 1404 receives the first speed change mode
signal or second speed change mode signal output from the
speed change mode operator 102 and outputs a first control
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signal corresponding to the first speed change mode signal or
a second control signal corresponding to the second speed
change mode signal.

The controller 1404 may include an electronic controller
unit (ECU) or a micro controller unit (MCU).

When the speed change mode operator 102 outputs a low-
speed mode signal corresponding to the first speed change
mode signal, the first motor driver 1407 receives the first
control signal and outputs a first motor driving signal to drive
the motor 109 in a low-speed mode corresponding to a first
speed change mode. Also, when the speed change mode
operator 102 outputs a high-speed mode signal corresponding
to the second speed change mode signal, the second motor
driver 1406 receives the second control signal and outputs a
second motor driving signal to drive the motor 109, which is
rotating with a driving force of the first motor driving signal,
in a high-speed mode corresponding to a second speed
change mode.

On the other hand, when the speed change mode operator
102 outputs the high-speed mode signal corresponding to the
first speed change mode signal, the second motor driver 1406
receives the first control signal and outputs the first motor
driving signal to drive the motor 109 in the high-speed mode
corresponding to the first speed change mode. Also, when the
speed change mode operator 102 outputs the low-speed mode
signal corresponding to the second speed change mode sig-
nal, the first motor driver 1407 receives the second control
signal and outputs the second motor driving signal to drive the
motor 109, which is rotating with the driving force of the first
motor driving signal, in the low-speed mode corresponding to
the second speed change mode.

The relay 1408 selectively receives a relay switching
enable signal from the controller 1404 so as to be turned on in
response to the relay switching enable signal. Upon being
turned on, the relay 1408 provides at least one of the first
motor driving signal and second motor driving signal to the
motor 109.

As shown in FIGS. 14 to 18, the relay 1408 may be elec-
trically connected between an output stage of the second
motor driver 1406 and an input stage of the motor 109.

The relay 1408 has an internal circuit 14084, which may
include a first rectifying diode D1, a first switching device
SW1, a first resistor R1, a second rectifying diode D2, a
second switching device SW2, and a second resistor R2, as
shown in FIGS. 16 and 17.

The first rectifying diode D1 may be electrically connected
with one side of the controller 1404, and the first switching
device SW1 may be electrically connected with the first rec-
tifying diode D1 and the second motor driver 1406.

Here, the first switching device SW1 may include at least
one of a metal-oxide semiconductor field effect transistor
(MOSFET) and a bipolar junction transistor (BJT).

In this case, the first switching device SW1 may further
include at least one Zener diode ZD5 which is electrically
connected with the first resistor R1, and the second switching
device SW2 to be described later, to cut off an abnormal
signal from the motor 109.

The first resistor R1 may be electrically connected with the
first rectifying diode D1, the first switching device SW1 and
the second motor driver 1406, and the second rectifying diode
D2 may be electrically connected with the other side of the
controller 1404.

The second switching device SW2 may be electrically
connected with the second rectifying diode D2, the first
switching device SW1 and the motor 109, and the second
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resistor R2 may be electrically connected with the second
rectifying diode D2, the second switching device SW2 and
the motor 109.

Here, the second switching device SW2 may include at
least one of a MOSFET and a BJT.

In this case, the second switching device SW2 may further
include at least one Zener diode ZD6 which is electrically
connected with the first switching device SW1 and the second
resistor R2 to cut off an abnormal signal from the second
motor driver 1406.

In the relay 1408 with the above configuration, when the
first and second switching devices SW1 and SW2 are turned
on in response to the relay switching enable signal from the
controller 1404, rectified through the first and second recti-
fying diodes D1 and D2, the level of the first motor driving
signal or second motor driving signal supplied from the sec-
ond motor driver 1406 is adjusted by the first resistor R1 and
in turn by the second resistor R2, and the first motor driving
signal or second motor driving signal of the adjusted level is
then supplied to the motor 109.

Also, the internal circuit 1408a of the relay 1408 may
further include one or more Zener diodes ZD1 and ZD2 which
are electrically connected with the second motor driver 1406
and the first resistor R1 to cut off an abnormal signal from the
second motor driver 1406.

Also, the internal circuit 1408a of the relay 1408 may
further include one or more Zener diodes ZD3 and ZD4 which
are electrically connected with the second resistor R2 and the
motor 109 to cut off an abnormal signal from the motor 109.

Alternatively, as shown in FIGS. 16 and 18, the internal
circuit 1408a of the relay 1408 may include a third rectifying
diode D3, a third switching device SW3, a third resistor R3,
and a fourth switching device SW4.

The third rectifying diode D3 may be electrically con-
nected with one side of the controller 1404, and the third
switching device SW3 may be electrically connected with the
third rectifying diode D3 and the second motor driver 1406.

Here, the third switching device SW3 may include at least
one of a MOSFET and a BJT.

In this case, the third switching device SW3 may further
include at least one Zener diode ZD9 which is electrically
connected with the second motor driver 1406 and the third
resistor R3 to cut oft an abnormal signal from the motor 109.

The third resistor R3 may be electrically connected with
the third rectifying diode D3 and the third switching device
SW3, and the fourth switching device SW4 may be electri-
cally connected with the third rectifying diode D3, the third
resistor R3 and the motor 109.

Here, the fourth switching device SW4 may include at least
one of a MOSFET and a BJT.

In this case, the fourth switching device SW4 may further
include at least one Zener diode ZD10 which is electrically
connected with the third resistor R3 and the motor 109 to cut
off an abnormal signal from the second motor driver 1406.

Also, the internal circuit 1408a of the relay 1408 may
further include one or more Zener diodes ZD7 and ZD8 which
are electrically connected with the third resistor R3, the third
rectifying diode D3 and the fourth switching device SW4 to
cut oft an abnormal signal from at least one of the second
motor driver 1406 and motor 109.

As stated above, the electric bicycle driving apparatus 1400
according to the third embodiment of the present invention
includes the speed change mode operator 102, the controller
1404, the first motor driver 1407, the second motor driver
1406, the relay 1408, and the motor 109.

Therefore, in the electric bicycle driving apparatus 1400
according to the third embodiment of the present invention,
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when the first motor driving signal or second motor driving
signal, output from the first motor driver 1407 or second
motor driver 1406 for the speed change mode, is supplied to
the motor 109, it may be possible to provide a faster switching
response characteristic for a turn-on operation, thereby rap-
idly reducing a speed change mode time.

Further, in the electric bicycle driving apparatus 1400
according to the third embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the first motor driver 1407 or second
motor driver 1406 for the speed change mode, is supplied to
the motor 109, it may be possible to reduce heat generation to
prevent malfunction.

Moreover, in the electric bicycle driving apparatus 1400
according to the third embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the first motor driver 1407 or second
motor driver 1406 for the speed change mode, is supplied to
the motor 109, the load to be driven is reduced still further,
thereby reducing consumption of battery power still further.

In addition, in the electric bicycle driving apparatus 1400
according to the third embodiment of the present invention,
the unified relay 1408 is employed, thereby making it pos-
sible to suppress an increase in cost of parts manufactured for
the speed change mode.

<Fourth Embodiment>

FIG. 19 is ablock diagram showing the configuration of an
electric bicycle driving apparatus according to a fourth
embodiment of the present invention, FIG. 20 is a view show-
ing an embodiment of arelay in FIG. 19, and FIG. 21 is aview
showing another embodiment of the relay in FIG. 19.

FIG. 22 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 21, and FIG. 23 is an equivalent circuit diagram showing
another example of the internal configuration of the relay
shown in FIG. 21.

Referring to FIGS. 19 to 23, the electric bicycle driving
apparatus according to the fourth embodiment of the present
invention, denoted by reference numeral 1900, includes a
speed change mode operator 102, a controller 1904, a first
motor driver 1907, a second motor driver 1906, a relay 1908,
and a motor 109.

The speed change mode operator 102 is provided to output
a first speed change mode signal or a second speed change
mode signal.

The speed change mode operator 102 may be provided at a
portion of a handlebar of the electric bicycle 10.

The controller 1904 receives the first speed change mode
signal or second speed change mode signal output from the
speed change mode operator 102 and outputs a first control
signal corresponding to the first speed change mode signal or
a second control signal corresponding to the second speed
change mode signal.

The controller 1904 may include an electronic controller
unit (ECU) or a micro controller unit (MCU).

When the speed change mode operator 102 outputs a low-
speed mode signal corresponding to the first speed change
mode signal, the first motor driver 1907 receives the first
control signal and outputs a first motor driving signal to drive
the motor 109 in a low-speed mode corresponding to a first
speed change mode. Also, when the speed change mode
operator 102 outputs a high-speed mode signal corresponding
to the second speed change mode signal, the second motor
driver 1906 receives the second control signal and outputs a
second motor driving signal to drive the motor 109, which is
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rotating with a driving force of the first motor driving signal,
in a high-speed mode corresponding to a second speed
change mode.

On the other hand, when the speed change mode operator
102 outputs the high-speed mode signal corresponding to the
first speed change mode signal, the second motor driver 1906
receives the first control signal and outputs the first motor
driving signal to drive the motor 109 in the high-speed mode
corresponding to the first speed change mode. Also, when the
speed change mode operator 102 outputs the low-speed mode
signal corresponding to the second speed change mode sig-
nal, the first motor driver 1907 receives the second control
signal and outputs the second motor driving signal to drive the
motor 109, which is rotating with the driving force of the first
motor driving signal, in the low-speed mode corresponding to
the second speed change mode.

The relay 1908 selectively receives a relay switching
enable signal from the controller 1904 so as to be turned on in
response to the relay switching enable signal. Upon being
turned on, the relay 1908 provides at least one of the first
motor driving signal and second motor driving signal to the
motor 109.

As shown in FIGS. 19 to 23, the relay 1908 may be elec-
trically connected between an output stage of the first motor
driver 1907 and an input stage of the motor 109.

The relay 1908 has an internal circuit 1908a, which may
include a first rectifying diode D1, a first switching device
SW1, a first resistor R1, a second rectifying diode D2, a
second switching device SW2, and a second resistor R2, as
shown in FIGS. 21 and 22.

The first rectifying diode D1 may be electrically connected
with one side of the controller 1904, and the first switching
device SW1 may be electrically connected with the first rec-
tifying diode D1 and the first motor driver 1907.

Here, the first switching device SW1 may include at least
one of a metal-oxide semiconductor field effect transistor
(MOSFET) and a bipolar junction transistor (BJT).

In this case, the first switching device SW1 may further
include at least one Zener diode ZD5 which is electrically
connected with the first resistor R1, and the second switching
device SW2 to be described later, to cut off an abnormal
signal from the motor 109.

The first resistor R1 may be electrically connected with the
first rectifying diode D1, the first switching device SW1 and
the first motor driver 1907, and the second rectifying diode
D2 may be electrically connected with the other side of the
controller 1904.

The second switching device SW2 may be electrically
connected with the second rectifying diode D2, the first
switching device SW1 and the motor 109, and the second
resistor R2 may be electrically connected with the second
rectifying diode D2, the second switching device SW2 and
the motor 109.

Here, the second switching device SW2 may include at
least one of a MOSFET and a BJT.

In this case, the second switching device SW2 may further
include at least one Zener diode ZD6 which is electrically
connected with the first switching device SW1 and the second
resistor R2 to cut off an abnormal signal from the first motor
driver 1907.

In the relay 1908 with the above configuration, when the
first and second switching devices SW1 and SW2 are turned
on in response to the relay switching enable signal from the
controller 1904, rectified through the first and second recti-
fying diodes D1 and D2, the level of the first motor driving
signal or second motor driving signal supplied from the first
motor driver 1907 is adjusted by the first resistor R1 and in

10

15

20

25

30

35

40

45

50

55

60

65

14

turn by the second resistor R2, and the first motor driving
signal or second motor driving signal of the adjusted level is
then supplied to the motor 109.

Also, the internal circuit 1908a of the relay 1908 may
further include one or more Zener diodes ZD1 and ZD2 which
are electrically connected with the first motor driver 1907 and
the first resistor R1 to cut off an abnormal signal from the first
motor driver 1907.

Also, the internal circuit 1908a of the relay 1908 may
further include one or more Zener diodes ZD3 and ZD4 which
are electrically connected with the second resistor R2 and the
motor 109 to cut off an abnormal signal from the motor 109.

Alternatively, as shown in FIGS. 21 and 23, the internal
circuit 1908a of the relay 1908 may include a third rectifying
diode D3, a third switching device SW3, a third resistor R3,
and a fourth switching device SW4.

The third rectifying diode D3 may be electrically con-
nected with one side of the controller 1904, and the third
switching device SW3 may be electrically connected with the
third rectifying diode D3 and the first motor driver 1907.

Here, the third switching device SW3 may include at least
one of a MOSFET and a BJT.

In this case, the third switching device SW3 may further
include at least one Zener diode ZD9 which is electrically
connected with the first motor driver 1907 and the third resis-
tor R3 to cut off an abnormal signal from the motor 109.

The third resistor R3 may be electrically connected with
the third rectifying diode D3 and the third switching device
SW3, and the fourth switching device SW4 may be electri-
cally connected with the third rectifying diode D3, the third
resistor R3 and the motor 109.

Here, the fourth switching device SW4 may include at least
one of a MOSFET and a BJT.

In this case, the fourth switching device SW4 may further
include at least one Zener diode ZD10 which is electrically
connected with the third resistor R3 and the motor 109 to cut
off an abnormal signal from the first motor driver 1907.

Also, the internal circuit 1908a of the relay 1908 may
further include one or more Zener diodes ZD7 and ZD8 which
are electrically connected with the third resistor R3, the third
rectifying diode D3 and the fourth switching device SW4 to
cut off an abnormal signal from at least one of the first motor
driver 1907 and motor 109.

As stated above, the electric bicycle driving apparatus 1900
according to the fourth embodiment of the present invention
includes the speed change mode operator 102, the controller
1904, the first motor driver 1907, the second motor driver
1906, the relay 1908, and the motor 109.

Therefore, in the electric bicycle driving apparatus 1900
according to the fourth embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the first motor driver 1907 or second
motor driver 1906 for the speed change mode, is supplied to
the motor 109, it may be possible to provide a faster switching
response characteristic for a turn-on operation, thereby rap-
idly reducing a speed change mode time.

Further, in the electric bicycle driving apparatus 1900
according to the fourth embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the first motor driver 1907 or second
motor driver 1906 for the speed change mode, is supplied to
the motor 109, it may be possible to reduce heat generation to
prevent malfunction.

Moreover, in the electric bicycle driving apparatus 1900
according to the fourth embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the first motor driver 1907 or second
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motor driver 1906 for the speed change mode, is supplied to
the motor 109, the load to be driven is reduced still further,
thereby reducing consumption of battery power still further.

In addition, in the electric bicycle driving apparatus 1900
according to the fourth embodiment of the present invention,
the unified relay 1908 is employed, thereby making it pos-
sible to suppress an increase in cost of parts manufactured for
the speed change mode.

<Fifth Embodiment>

FIG. 24 is a block diagram showing the configuration of an
electric bicycle driving apparatus according to a fiftth embodi-
ment of the present invention, FIG. 25 is a view showing an
embodiment of a relay connected to a second motor driver,
shown in FIG. 24, and FIG. 26 is a view showing another
embodiment of the relay connected to the second motor
driver, shown in FIG. 24.

FIG. 27 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 26, and F1G. 28 is an equivalent circuit diagram showing
another example of the internal configuration of the relay
shown in FIG. 26.

FIG. 29 is a view showing an embodiment of a relay con-
nected to a first motor driver, shown in FIG. 24, and FIG. 30
is a view showing another embodiment of the relay connected
to the first motor driver, shown in FIG. 24.

FIG. 31 is an equivalent circuit diagram showing an
example of an internal configuration of the relay shown in
FIG. 30, and F1G. 32 is an equivalent circuit diagram showing
another example of the internal configuration of the relay
shown in FIG. 30.

Referring to FIGS. 24 to 32, the electric bicycle driving
apparatus according to the fifth embodiment of the present
invention, denoted by reference numeral 2400, includes a
speed change mode operator 102, a controller 2404, a first
motor driver 2407, a second motor driver 2406, first and
second relays 2409 and 2408, and a motor 109.

The speed change mode operator 102 is provided to output
a first speed change mode signal or a second speed change
mode signal.

The speed change mode operator 102 may be provided at a
portion of a handlebar of the electric bicycle 10.

The controller 2404 receives the first speed change mode
signal or second speed change mode signal output from the
speed change mode operator 102 and outputs a first control
signal corresponding to the first speed change mode signal or
a second control signal corresponding to the second speed
change mode signal.

The controller 2404 may include an electronic controller
unit (ECU) or a micro controller unit (MCU).

When the speed change mode operator 102 outputs a low-
speed mode signal corresponding to the first speed change
mode signal, the first motor driver 2407 receives the first
control signal and outputs a first motor driving signal to drive
the motor 109 in a low-speed mode corresponding to a first
speed change mode. Also, when the speed change mode
operator 102 outputs a high-speed mode signal corresponding
to the second speed change mode signal, the second motor
driver 2406 receives the second control signal and outputs a
second motor driving signal to drive the motor 109, which is
rotating with a driving force of the first motor driving signal,
in a high-speed mode corresponding to a second speed
change mode.

On the other hand, when the speed change mode operator
102 outputs the high-speed mode signal corresponding to the
first speed change mode signal, the second motor driver 2406
receives the first control signal and outputs the first motor
driving signal to drive the motor 109 in the high-speed mode
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corresponding to the first speed change mode. Also, when the
speed change mode operator 102 outputs the low-speed mode
signal corresponding to the second speed change mode sig-
nal, the first motor driver 2407 receives the second control
signal and outputs the second motor driving signal to drive the
motor 109, which is rotating with the driving force of the first
motor driving signal, in the low-speed mode corresponding to
the second speed change mode.

The first and second relays 2409 and 2408 selectively
receive a relay switching enable signal from the controller
2404 so as to be turned on in response to the relay switching
enable signal. Upon being turned on, the first and second
relays 2409 and 2408 provide the first motor driving signal
and the second motor driving signal to the motor 109.

As shown in FIGS. 24 to 32, the first relay 2409 provides
the first motor driving signal output from the first motor driver
2407 to the motor 109, and the second relay 2408 provides the
second motor driving signal output from the second motor
driver 2406 to the motor 109.

The second relay 2408 may be electrically connected
between an output stage of the second motor driver 2406 and
an input stage of the motor 109.

As shown in FIG. 26 or 27, the second relay 2408 selec-
tively receives a second relay switching enable signal of the
relay switching enable signal so as to be turned on in response
to the second relay switching enable signal. Upon being
turned on, the second relay 2408 supplies the second motor
driving signal to the motor 109.

The second relay 2408 has an internal circuit 2408a, which
may include a first rectifying diode D1, a first switching
device SW1, a first resistor R1, a second rectifying diode D2,
a second switching device SW2, and a second resistor R2.

The first rectifying diode D1 may be electrically connected
with one side of the controller 2404, and the first switching
device SW1 may be electrically connected with the first rec-
tifying diode D1 and the second motor driver 2406.

Here, the first switching device SW1 may include at least
one of a metal-oxide semiconductor field effect transistor
(MOSFET) and a bipolar junction transistor (BJT).

In this case, the first switching device SW1 may further
include at least one Zener diode ZD5 which is electrically
connected with the first resistor R1, and the second switching
device SW2 to be described later, to cut off an abnormal
signal from the motor 109.

The first resistor R1 may be electrically connected with the
first rectifying diode D1, the first switching device SW1 and
the second motor driver 2406, and the second rectifying diode
D2 may be electrically connected with the other side of the
controller 2404.

The second switching device SW2 may be electrically
connected with the second rectifying diode D2, the first
switching device SW1 and the motor 109, and the second
resistor R2 may be electrically connected with the second
rectifying diode D2, the second switching device SW2 and
the motor 109.

Here, the second switching device SW2 may include at
least one of a MOSFET and a BJT.

In this case, the second switching device SW2 may further
include at least one Zener diode ZD6 which is electrically
connected with the first switching device SW1 and the second
resistor R2 to cut off an abnormal signal from the second
motor driver 2406.

In the second relay 2408 with the above configuration,
when the first and second switching devices SW1 and SW2
are turned on in response to the relay switching enable signal
from the controller 2404, rectified through the first and sec-
ond rectifying diodes D1 and D2, the level of the first motor
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driving signal or second motor driving signal supplied from
the second motor driver 2406 is adjusted by the first resistor
R1 and in turn by the second resistor R2, and the first motor
driving signal or second motor driving signal of the adjusted
level is then supplied to the motor 109.

Also, the internal circuit 2408a of the second relay 2408
may further include one or more Zener diodes ZD1 and ZD2
which are electrically connected with the second motor driver
2406 and the first resistor R1 to cut off an abnormal signal
from the second motor driver 2406.

Also, the internal circuit 2408a of the second relay 2408
may further include one or more Zener diodes ZD3 and ZD4
which are electrically connected with the second resistor R2
and the motor 109 to cut off an abnormal signal from the
motor 109.

Alternatively, as shown in FIG. 26 or 28, the second relay
2408 selectively receives the second relay switching enable
signal of the relay switching enable signal so as to be turned
on in response to the second relay switching enable signal.
Upon being turned on, the second relay 2408 supplies the
second motor driving signal to the motor 109.

The internal circuit 2408a of the second relay 2408 may
include a third rectifying diode D3, a third switching device
SW3, athird resistor R3, and a fourth switching device SW4.

The third rectifying diode D3 may be electrically con-
nected with one side of the controller 2404, and the third
switching device SW3 may be electrically connected with the
third rectifying diode D3 and the second motor driver 2406.

Here, the third switching device SW3 may include at least
one of a MOSFET and a BJT.

In this case, the third switching device SW3 may further
include at least one Zener diode ZD9 which is electrically
connected with the second motor driver 2406 and the third
resistor R3 to cut oft an abnormal signal from the motor 109.

The third resistor R3 may be electrically connected with
the third rectifying diode D3 and the third switching device
SW3, and the fourth switching device SW4 may be electri-
cally connected with the third rectifying diode D3, the third
resistor R3 and the motor 109.

Here, the fourth switching device SW4 may include at least
one of a MOSFET and a BJT.

In this case, the fourth switching device SW4 may further
include at least one Zener diode ZD10 which is electrically
connected with the third resistor R3 and the motor 109 to cut
off an abnormal signal from the second motor driver 2406.

Also, the internal circuit 2408a of the second relay 2408
may further include one or more Zener diodes ZD7 and ZD8
which are electrically connected with the third resistor R3, the
third rectifying diode D3 and the fourth switching device
SW4 to cut off an abnormal signal from at least one of the
second motor driver 2406 and motor 109.

On the other hand, the first relay 2409 may be electrically
connected between an output stage of the first motor driver
2407 and the input stage of the motor 109, as shown in FIGS.
29 to 32.

As shown in FIG. 30 or 31, the first relay 2409 selectively
receives a first relay switching enable signal of the relay
switching enable signal so as to be turned on in response to the
first relay switching enable signal. Upon being turned on, the
first relay 2409 supplies the first motor driving signal to the
motor 109.

The first relay 2409 has an internal circuit 24094, which
may include a first rectifying diode D1, a first switching
device SW1, a first resistor R1, a second rectifying diode D2,
a second switching device SW2, and a second resistor R2.

The first rectifying diode D1 may be electrically connected
with one side of the controller 2404, and the first switching
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device SW1 may be electrically connected with the first rec-
tifying diode D1 and the first motor driver 2407.

Here, the first switching device SW1 may include at least
one of a metal-oxide semiconductor field effect transistor
(MOSFET) and a bipolar junction transistor (BJT).

In this case, the first switching device SW1 may further
include at least one Zener diode ZD5 which is electrically
connected with the first resistor R1, and the second switching
device SW2 to be described later, to cut off an abnormal
signal from the motor 109.

The first resistor R1 may be electrically connected with the
first rectifying diode D1, the first switching device SW1 and
the first motor driver 2407, and the second rectifying diode
D2 may be electrically connected with the other side of the
controller 2404.

The second switching device SW2 may be electrically
connected with the second rectifying diode D2, the first
switching device SW1 and the motor 109, and the second
resistor R2 may be electrically connected with the second
rectifying diode D2, the second switching device SW2 and
the motor 109.

Here, the second switching device SW2 may include at
least one of a MOSFET and a BJT.

In this case, the second switching device SW2 may further
include at least one Zener diode ZD6 which is electrically
connected with the first switching device SW1 and the second
resistor R2 to cut off an abnormal signal from the first motor
driver 2407.

In the first relay 2409 with the above configuration, when
the first and second switching devices SW1 and SW2 are
turned on in response to the relay switching enable signal
from the controller 2404, rectified through the first and sec-
ond rectifying diodes D1 and D2, the level of the first motor
driving signal or first motor driving signal supplied from the
first motor driver 2407 is adjusted by the first resistor R1 and
in turn by the second resistor R2, and the first motor driving
signal or first motor driving signal of the adjusted level is then
supplied to the motor 109.

Also, the internal circuit 24094 of the first relay 2409 may
further include one or more Zener diodes ZD1 and ZD2 which
are electrically connected with the first motor driver 2407 and
the first resistor R1 to cut off an abnormal signal from the first
motor driver 2407.

Also, the internal circuit 24094 of the first relay 2409 may
further include one or more Zener diodes ZD3 and ZD4 which
are electrically connected with the second resistor R2 and the
motor 109 to cut off an abnormal signal from the motor 109.

Alternatively, as shownin FIG. 30 or 32, the first relay 2409
selectively receives the first relay switching enable signal of
the relay switching enable signal so as to be turned on in
response to the first relay switching enable signal. Upon being
turned on, the first relay 2409 supplies the first motor driving
signal to the motor 109.

The internal circuit 2409a of the first relay 2409 may
include a third rectifying diode D3, a third switching device
SW3, a third resistor R3, and a fourth switching device SW4.

The third rectifying diode D3 may be electrically con-
nected with one side of the controller 2404, and the third
switching device SW3 may be electrically connected with the
third rectifying diode D3 and the first motor driver 2407.

Here, the third switching device SW3 may include at least
one of a MOSFET and a BJT.

In this case, the third switching device SW3 may further
include at least one Zener diode ZD9 which is electrically
connected with the first motor driver 2407 and the third resis-
tor R3 to cut off an abnormal signal from the motor 109.
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The third resistor R3 may be electrically connected with
the third rectifying diode D3 and the third switching device
SW3, and the fourth switching device SW4 may be electri-
cally connected with the third rectifying diode D3, the third
resistor R3 and the motor 109.

Here, the fourth switching device SW4 may include at least
one of a MOSFET and a BJT.

In this case, the fourth switching device SW4 may further
include at least one Zener diode ZD10 which is electrically
connected with the third resistor R3 and the motor 109 to cut
off an abnormal signal from the first motor driver 2407.

Also, the internal circuit 2409a of the first relay 2409 may
further include one or more Zener diodes ZD7 and ZD8 which
are electrically connected with the third resistor R3, the third
rectifying diode D3 and the fourth switching device SW4 to
cut off an abnormal signal from at least one of the first motor
driver 2407 and motor 109.

As stated above, the electric bicycle driving apparatus 2400
according to the fifth embodiment of the present invention
includes the speed change mode operator 102, the controller
2404, the first motor driver 2407, the second motor driver
2406, the first relay 2409, the second relay 2408, and the
motor 109.

Therefore, in the electric bicycle driving apparatus 2400
according to the fiftth embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the first motor driver 2407 or second
motor driver 2406 for the speed change mode, is supplied to
the motor 109, it may be possible to provide a faster switching
response characteristic for a turn-on operation, thereby rap-
idly reducing a speed change mode time.

Further, in the electric bicycle driving apparatus 2400
according to the fiftth embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the first motor driver 2407 or second
motor driver 2406 for the speed change mode, is supplied to
the motor 109, it may be possible to reduce heat generation to
prevent malfunction.

Moreover, in the electric bicycle driving apparatus 2400
according to the fiftth embodiment of the present invention,
when the first motor driving signal or second motor driving
signal, output from the first motor driver 2407 or second
motor driver 2406 for the speed change mode, is supplied to
the motor 109, the load to be driven is reduced, thereby
reducing consumption of battery power.

In addition, in the electric bicycle driving apparatus 2400
according to the fiftth embodiment of the present invention,
the first relay 2409 and the second relay 2408 are employed.
Therefore, when the first motor driving signal or second
motor driving signal, output from the first motor driver 2407
or second motor driver 2406 for the speed change mode, is
supplied to the motor 109, each of the first relay 2409 and
second relay 2408 may provide a faster switching response
characteristic for a turn-on operation, thereby more rapidly
reducing a speed change mode time.

Although a few embodiments of the present invention have
been shown and described, it would be appreciated by those
skilled in the art that changes may be made in these embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined in the claims and their
equivalents.

What is claimed is:

1. An electric bicycle driving apparatus comprising:

a speed change mode operator to selectively output one of
a first speed change mode signal and a second speed
change mode signal;
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a controller to receive the first speed change mode signal or
second speed change mode signal output from the speed
change mode operator and output a first control signal
corresponding to the first speed change mode signal or a
second control signal corresponding to the second speed
change mode signal;

a motor driver to, when the speed change mode operator
outputs the first speed change mode signal, receive the
first control signal and output a first motor driving signal
to drive a motor in a first speed change mode, and, when
the speed change mode operator outputs the second
speed change mode signal, receive the second control
signal and output a second motor driving signal to drive
the motor, the motor rotating with a driving force of the
first motor driving signal, in a second speed change
mode; and

arelay to selectively receive a relay switching enable signal
from the controller, the relay being turned on in response
to the relay switching enable signal to provide at least
one of the first motor driving signal and second motor
driving signal to the motor,

wherein the relay further includes at least one Zener Diode
to cut off an abnormal signal from at least one of the
motor driver and the motor.

2. The electric bicycle driving apparatus according to claim

1, wherein:

the first speed change mode signal is a low-speed mode
signal, and the first speed change mode is a low-speed
mode; and

the second speed change mode signal is a high-speed mode
signal, and the second speed change mode is a high-
speed mode.

3. The electric bicycle driving apparatus according to claim

1, wherein:

the first speed change mode signal is a high-speed mode
signal, and the first speed change mode is a high-speed
mode; and

the second speed change mode signal is a low-speed mode
signal, and the second speed change mode is a low-speed
mode.

4. The electric bicycle driving apparatus according to claim

1, wherein the relay is electrically connected between an
output stage of the motor driver and an input stage of the
motor.

5. The electric bicycle driving apparatus according to claim

1, wherein the relay comprises:

a first relay to provide the first motor driving signal output
from the motor driver to the motor: and

a second relay to provide the second motor driving signal
output from he motor driver to the motor,

wherein the first relay and the second relay are electrically
connected between an output stage of the motor driver
and an input stage of the motor.

6. The electric bicycle driving apparatus according to claim

1, wherein the motor driver comprises:

a first motor driver to output the first motor driving signal;
and

a second motor driver to output the second motor driving
signal,

wherein the relay is electrically connected between at least
one of output stages of the first motor driver and second
motor driver and an input stage of the motor.

7. The electric bicycle driving apparatus according to claim

1, wherein:

the motor driver comprises:

a first motor driver to output the first motor driving signal;
and
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a second motor driver to output the second motor driving
signal; and

the relay comprises a first relay and a second relay,

wherein the first relay is electrically connected between an
output stage of the first motor driver and an input stage of 5
the motor, and

wherein the second relay is electrically connected between
an output stage of the second motor driver and the input
stage of the motor.
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